US009369882B2

a2 United States Patent

(10) Patent No.: US 9,369,882 B2

Kim et al. (45) Date of Patent: Jun. 14, 2016
(54) METHOD AND APPARATUS FOR (52) US.CL
PERFORMING MEASUREMENT IN AN CPC ............. HO04W 24/00 (2013.01); HO4L 1/0026
EXTENSION CARRIER (2013.01); HO4W 24/10 (2013.01); HO4L
. ) 1/0031 (2013.01); HO4L 5/001 (2013.01)
(75)  Inventors: Soyeon Kim, GyGeonggl'(.iod(Ki)f{ . (58) Field of Classification Search
ungho Moon, Gyeonggi-do (KR); CPC ... HO4W 24/00; HO4L 43/50; HOAL 43/0852;
Jaehoon Chung, Gyeonggi-do (KR); HOA4L 43/08: LI04B 17/003
Minseok Noh, Gyeonggi-do (KR) ’
USPC  ooiivevieviecneercicenenen 370/252, 241, 310
(73) Assignee: LG ELECTRONICS INC., Seoul (KR) See application file for complete search history.
(*) Notice: Subject to any disclaimer, the term of this (56) References Cited
patent is extended or adjusted under 35
U.S.C. 154(b) by 558 days. U.S. PATENT DOCUMENTS
8,280,391 B2 10/2012 Kim et al.
(21) Appl. No.: 13/521,697 8,488,691 B2  7/2013 Chrabich et al.
(22) PCTFiled:  Feb.1,2011 (Continued)
(86) PCTNo.:  PCI/KR2011/000748 FOREIGN PATENT DOCUMENTS
§371 (©)(1) KR 10-2011-0020170 A 3/2011
. KR 10-2011-083659 A 7/2011
(2), (4) Date:  Dec. 10,2012 KR 10-1328967 B1  11/2013
(87) PCT Pub. No.: WQ02011/096744 Primary Examiner — Andrew Lai
PCT Pub. Date: Aug. 11,2011 Assistant Examiner — Zhiren an
(74) Attorney, Agent, or Firm — Birch, Stewart, Kolasch &
(65) Prior Publication Data Birch, LLP
US 2013/0088980 A1 Apr. 11, 2013 (57) ABSTRACT
Related U.S. Application Data A method in which a terminal (UE) operates to perform
.. L channel quality measurement in a system which supports
(60) grozx(l)llsz)onal application No. 61/300,446, filed on Feb. carrier aggregation, disclosed in the present description, com-
’ ’ prises the following steps: receiving, from a base station, a
(30) Foreion Application Priority Data first message containing a first indicator for indicating control
g ApPp ¥ information for channel quality measurement used in an
Jan.31,2011  (KR) 10-2011-0009784 extension component carrier; receiving control information
T T e corresponding to the first indicator from the base station via
(51) Int.CL the extension component carrier; and performing channel
HO4W 24/00 (2009.01) quality measurement in the extension component carrier
HO4W 24/10 (2009.01) using the received control information.
(Continued) 8 Claims, 14 Drawing Sheets
B-0CE
4-CCE
s IVANEVANIIAN VANIVAN
A A T AN
oft]a[afals{6[[B[-F] - « +{[o]1[2]a]4[s]6]"]" - -

COMMON SEARCH SPACE

UE-SPECIFIC SEACH SPACE

.

[o|1[als|4[5[s|7|a[ﬂ10|u|12|13!14

1]

’ 4(CEs

4(CEs l ACCEs

421t

1=8

l 8CCEs

D 11 1111 1

8CCRs




US 9,369,882 B2

(51) Imt.ClL
Ho4L 1/00 (2006.01)
HO4L 5/00 (2006.01)
(56) References Cited

U.S. PATENT DOCUMENTS
2006/0013338 Al*

2009/0010282 Al 1/2009 Fallon et al.

1/2006 Gore .....ccovvvvennen

Page 2
2009/0175243 Al 7/2009
2009/0316659 Al  12/2009
2010/0015967 Al 1/2010
2010/0020771 Al* 1/2010
2010/0020852 Al 1/2010
2011/0170496 Al* 7/2011

HO4L 5/005
375/324
* cited by examiner

Han et al.

Lindoff et al.

Perets et al.

T HO4L 1/0004
370/336

Erell et al.

Fong ..c.cccovevvcnnen HO4L 5/0053
370/329



U.S. Patent Jun. 14,2016 Sheet 1 of 14 US 9,369,882 B2

FIG. 1
INITIAL SYSTEM RANDOM GENERAL (Normal)
CELL oeaRcy  INFORMATION ACCESS AR
RECEPTION PROCEDURE
A [DLRS] & ol A ]
HAPBCH. oo |

I
S101 5102 5103 5104 8105 S106 s107 S108



U.S. Patent Jun. 14,2016 Sheet 2 of 14 US 9,369,882 B2

FIG. 2

| RADIO FRAMET: =307200Ts =10ms

i

1 SIOT, Tiat=15360T; =0.5ms




U.S. Patent Jun. 14,2016 Sheet 3 of 14 US 9,369,882 B2

FIG. 3

CONTROL
REGION DATA REGION
/"'—"_\r AN Y
Z
; /
/ _ Freq.
(2) _
7
72
/ 7 TIME
ist SLOT 2nd SLOT
SUBFRAME
CONTROL . .
REGION . .
=,
DATA RB PAIR Freq.
REGION [
(b) TIME

ONE SLoT ONE SLOT
SUBFRAME




U.S. Patent Jun. 14,2016 Sheet 4 of 14 US 9,369,882 B2

FIG. 4

ONE DOWNLINK SLOT T

d SN

N2, OFDH. SYMBOLS "~

k=Ngk N2 -1

RESOURCE BLOCK
/" Nowy X N RESOURCE ELEMENT

E b e
E@ g =
=
—{é RESOURCE ELEMENT(k])

DL



U.S. Patent

DCI—>

Jun. 14, 2016 Sheet 5 of 14 US 9,369,882 B2
FIG. 5
510 ?20 ?30 ?10
CRC Addition . N . Resource
and Masking » Encoding » Modulation > Mapping




US 9,369,882 B2

Jun. 14, 2016 Sheet 6 of 14

U.S. Patent
QUADRUPLET
—
oft]2]3]
/ |
/ |
LT )
N PG BONCH PDCCH 4K
\\j — - i { E ;
I v
/ mpwr
I,’ I-—’l """"""""
/ [Es
" G e SHFT
l Mquad l t qud | | Mquad
RESOURCE BLOCK
RE QUADRUPLEY 45
SWBOL 400 R R R ROJ5 |5 5|9 hof3 |5 [k
SYMBOL #1|0{Re] 0|0 R3]0 3 [Re] 3|3 [Ra| 3|6 R2[ 66 RS] 6|3}l + + «
SYHBOL 42/t 1]t {t{2[2] 2| 2] 4|4\ 4{4|7[7] 778 8]8|8} ot o oo




U.S. Patent Jun. 14,2016 Sheet 7 of 14 US 9,369,882 B2

FIG. 7

CCEs

&

INTERLEAVING (REG LEVEL)

Bandwidth




U.S. Patent Jun. 14,2016 Sheet 8 of 14 US 9,369,882 B2

FIG. 8

8-CCE 2
2-(CE /\
1-CCE o—0—0-—0—0—0—0—0—0btb0——— b —t——
OLLI203 141016 LTI8 = loeelerte o o {0111203{4(5(6|T|c o>

COMMON SEARCH SPACE UE-SPECIFIC SEACH SPACE

Y NN\ NN

4(CEs 4CCEs 40CEs 4CCEs

8CCEs 8CCEs




U.S. Patent

US 9,369,882 B2

MAC

I

PHY (
(CARRIER 0

PHY 0
(CARRIER )

I

MAC

Jun. 14, 2016 Sheet 9 of 14
FIG. 9

MAC MAC MAC

U DYNAMIC/STATIC MAPPING lf U
PHY 1 PHY n-? PHY n-1
(CARRIER 1) | (CARRIER n-?) (CARRIER n-1)
PHY 1 PHY n-2 PHY n-1
{CARRIER 1) @ARRIER n-2) (CARRIER n-1)

U DYNAMIC/STATIC DE-MAPPING U

MAC MAC MAC




U.S. Patent Jun. 14,2016 Sheet 10 of 14 US 9,369,882 B2

FIG. 10
s

(a) U U DYNAMICSTATEC MAPPING ﬂ U

Y 0 ‘PHY i PRV -2 PRV 11
(CARRIER 0)] | [CARRIER ) (CARRIER 1-2)| |{CARRIER 1-1

PHY 0 PV 1 P 10 PHY o1
(CARRIER ) (CARRHIBR ) (CARRIER 1-2) | (CARRIER u-)

| ]

(b) U hDYNAMIC/STATC 1 DE-HAPPING d |

MAC




U.S. Patent Jun. 14,2016 Sheet 11 of 14 US 9,369,882 B2

FIG. 11

o [onec,f[onee] - - Do) [DLCC

UL IULCC;”ULCCI ¢80 ULCG].;




U.S. Patent Jun. 14,2016 Sheet 12 of 14 US 9,369,882 B2

FIG. 12

BS UE

First message
First Indicator (CRS, CSI-RS, SCH) (510)

¥

Setting 520

Control Information (S30)

Measurement}—>40




U.S. Patent Jun. 14,2016 Sheet 13 of 14 US 9,369,882 B2

FIG. 13

BS UE

First message
First Indicator (CRS, CSI-RS, SCH) (S10)

Setting 520
Second message
Second Indicator (Control Information position) (S25)
Control Information (S30) ,
Measurement~">4°




US 9,369,882 B2

Sheet 14 of 14

Jun. 14, 2016

U.S. Patent

FIG. 14

/
Radio

Communication
Unit

/
Radio

Communication
Unit

llllllllllllllllllllllllllllllllllllllllll



US 9,369,882 B2

1
METHOD AND APPARATUS FOR
PERFORMING MEASUREMENT IN AN
EXTENSION CARRIER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is the National Phase of PCT/KR2011/
000748 filed on Feb. 1, 2011, which claims priority under 35
U.S.C. 119(e) to U.S. Provisional Application No. 61/300,
446 filed on Feb. 2, 2010, and under 35 U.S.C. 119(a) to
Patent Application No. 10-2011-0009784 filed in Republic of
Korea on Jan. 31, 2011, all of which are hereby expressly
incorporated by reference into the present application.

TECHNICAL FIELD

The present disclosure relates to wireless (radio) commu-
nication, and more particularly, a method for performing
measurement in an extension carrier, and an apparatus using
the same.

BACKGROUND ART

Brief description will be given of a Third Generation Part-
nership Project Long Term Evolution (3GPP LTE) and LTE-
Advanced (LTE-A) as one example of a mobile communica-
tion system to which the present description is applicable.

Atleast one cell exists in one base station. The cell sets one
carrier to one of bandwidths, such as 1.25, 2.5, 5, 10, 15, 20
MHz and the like, so as to provide downlink and uplink
transport services to several User Equipments (UEs). Here,
different cells may be set to provide different bandwidths.
The base station controls data transmission and reception for
a plurality of UEs. For downlink data, the base station trans-
mits downlink scheduling information to a corresponding UE
s0 as to notify time and frequency domains to which data is to
be transmitted, and information related to encoding, data size,
Hybrid Automatic Repeat request (HARQ), and the like.
Also, for uplink data, the base station transmits uplink sched-
uling information to the corresponding UE to notify time and
frequency domains which can be used by the corresponding
UE, and information related to encoding, data size, HARQ
and the like. An interface for transmission of user traffic or
control traffic may be used between the base stations.

Although the wireless communication technology devel-
oped based on Wideband Code Division Multiple Access
(WCDMA) has been evolved into LTE, requirements and
expectation of users and providers have continued to increase.
Also, since another wireless access technology is being
developed. new technical evolutions are required for com-
petitiveness in the future. In this respect, reduction of cost per
bit, increase of service availability, flexible use of frequency
bands, simplified structure, open type interface, proper power
consumption of a UE and the like, are needed.

In recent time, standardization of the advanced technology
of LTE is in progress under the 3GPP. The technology is
referred to as ‘LTE-A’ in this specification. One of important
differences between the LTE system and the LTE-A system is
difference in system bandwidth and an introduction of a relay.

The LTE-A system aims at supporting a wideband to
extend up to 100 MHz. To this end, the system uses a carrier
aggregation or bandwidth aggregation that achieves a wide-
band using a plurality of frequency blocks. The carrier aggre-
gation uses a plurality of frequency blocks as one great logical
frequency band in order to use a wider frequency band.
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A bandwidth of each frequency block may be defined
based on a bandwidth of a system block used in the LTE
system. Each frequency block is transmitted using a Compo-
nent Carrier (CC).

DISCLOSURE OF THE INVENTION

Therefore, an aspect of the detailed description is to pro-
vide a setting method for performing measurement in an
extension component carrier in a wireless communication
system using a carrier aggregation, and a measurement
method for a UE using the same.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described herein, there is provided an operation
method for a User Equipment (UE) to perform channel qual-
ity measurement in a system supporting a carrier aggregation.

The method may include receiving a first message includ-
ing a first indicator from a base station, the first indicator
indicating control information for channel quality measure-
ment used in an extension component carrier, receiving the
control information corresponding to the first indicator from
the base station through the extension component carrier, and
performing channel quality measurement in the extension
component carrier using the received control information.

The control information for channel quality measurement
may be one ofa Common Reference Signal (CRS), a Channel
State Indication Reference Signal (CSI-RS), and a Synchro-
nization Channel (SCH).

The first indicator may indicate one of the control infor-
mation for channel quality measurement.

The first message may be one of a Physical Downlink
Control Channel (PDCCH), a Radio Resource Control (RRC)
signaling message and a broadcast message.

The first indicator may be transmitted in every subframe
when the first message is the PDCCH.

The first indicator may be transmitted after establishing an
RRC connection, one time or periodically when the first
message is the RRC signaling message.

The first indicator may be transmitted once after establish-
ing the RRC connection when the first message is the broad-
cast message.

The method may further include receiving a second indi-
cator indicating a position of the control information.

The first message may be a carrier configuration message
for the extension component carrier.

When the control information for channel quality measure-
ment is a Common Reference Signal (CRS) or a Channel
State Indication Reference Signal (CSI-RS), the received
control information may be a CRS or CSI-RS with a reduced
Reference Signal Density (RSD).

When the control information for channel quality measure-
ment is a Common Reference Signal (CRS), the received
control information may be a CRS with a reduced Reference
Signal Density (RSD) for at least one of first and second
antennas.

When the channel quality measurement control informa-
tion is a Common Reference Signal (CRS), the received con-
trol information may be a CRS with a first or second slot
removed.

In accordance with one exemplary embodiment of the
present disclosure, there is provided a User Equipment (UE)
for performing channel quality measurement in a system
supporting a carrier aggregation.

The UE may include a memory, a radio frequency unit
configured to transmit and receive an external signal and a
radio signal, and a controller configured to receive a first
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message including a first indicator from a base station, the
first indicator indicating control information for channel
quality measurement used in an extension component carrier,
receive the control information corresponding to the first
indicator via the extension component carrier, and perform
channel quality measurement in the extension component
carrier using the received control information.

Advantageous Effect

In accordance with exemplary embodiments of the detailed
description, a UE may set control information for measure-
ment in an extension component carrier in a radio communi-
cation system using a carrier aggregation. To this end, the UE
may receive information related to the measurement method
in the extension component carrier from a base station so as to
perform such measurement.

Also, in accordance with the exemplary embodiments of
the detailed description, the UE may perform measurement in
the extension component carrier using a reference signal with
a reduced reference signal density, thereby decreasing ineffi-
ciency due to the reference signal.

The effects to be obtained in the present description may
not be limited to those mentioned effects, but other effects
which have not been mentioned may be obviously understood
by those skilled in the art through the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view illustrating physical channels used in a
3GPP system, and a general signal transmission method using
the channels;

FIG. 2 is a view illustrating a structure of a wireless (radio)
frame used in a 3GPP LTE system as one example of a mobile
communication system;

FIG. 3 is a view illustrating a structure of downlink and
uplink sub frames of the 3GPP LTE system as one example of
the mobile communication system;

FIG. 4 is a view illustrating a downlink time-frequency
resource grid structure used in the present description;

FIG. 5 is a block diagram illustrating a configuration of
PDCCH;

FIG. 6 is a view illustrating an exemplary resource map-
ping of the PDCCH;

FIG. 7 is aview illustrating an example of distributing CCE
in a system band;

FIG. 8 is an exemplary view illustrating monitoring of the
PDCCH;

FIG. 9A is a view illustrating a concept that multiple car-
riers are managed by a plurality of MACs of a base station,
and FIG. 9B is a view illustrating a concept that multiple
carriers are managed by a plurality of MACs of a UE;

FIG. 10A is a view illustrating a concept that multiple
carriers are managed by one MAC of a base station, and FIG.
10B is a view illustrating a concept that multiple carriers are
managed by one MAC of a UE;

FIG. 11 is a view illustrating Component Carriers (CCs)
configuring downlink and uplink for connection between a
UE or a relay and a base station or relay in an LTE-A system;
and

FIGS. 12 and 13 are views illustrating a method for per-
forming channel quality measurement by a UE in a wireless
communication system supporting a carrier aggregation in
accordance with an exemplary embodiment disclosed in this
specification; and

10

30

40

45

50

55

4

FIG. 14 is a block diagram illustrating a wireless commu-
nication system in accordance with an exemplary embodi-
ment disclosed in this specification.

MODES FOR CARRYING OUT THE
PREFERRED EMBODIMENTS

Embodiments of the present invention will be described
below in detail with reference to the accompanying drawings.
Detailed description to be disclosed herein with the accom-
panying drawings is to describe illustrative embodiments,
other than illustrates only one embodiment for implementing
the present disclosure. The detailed description disclosed
herein may include details for the sake of full understanding
of'the present disclosure. However, it will be obvious to those
skilled in the art that the present disclosure can be executed
without those details. For example, the detailed description
disclosed herein is given under assumption that a mobile
communication system is 3GPP LTE and LTE-A systems, but
may be applicable to other random mobile communication
systems, except for specific features of the 3GPP LTE and
LTE-A systems.

In some cases, in order to prevent the conception of the
present disclosure from being obscure, well-known structure
and device will be omitted or be illustrated in a form of a block
diagram based on a main function of each structure and
device. Also, the same reference numerals will be used for the
same components over the specification.

In addition, for the sake of explanation, it is assumed that a
terminal indicates a mobile or stationary user end device,
such as a User Equipment (UE), a Mobile Station (MS), an
Advanced Mobile Station (AMS) and the like. It is also
assumed that the base station indicates a random node of a
network end which communicates with a UE. The base sta-
tion may include a Node B, an eNode B, a Base Station (BS),
an Access Point (AP) and the like. The relay may be called a
Relay Node (RN), a Relay Station (RS) and the like.

The UE and the relay in the mobile terminal communica-
tion system may receive information from the base station in
downlink, and transmit information in uplink. Those infor-
mation that the UE and the relay transmit or receive may
include data and various information. There are various types
of physical channels according to types of information that
the UE and the relay transmit or receive.

Description of FIG. 1

FIG. 1 is a view illustrating physical channels used in a
3GPP system, and a general signal transmission method using
the channels.

A UE may perform an initial cell search operation, such as
synchronizing with a base station when power is turned on or
it newly enters a cell, (S101). To this end, the UE may syn-
chronize with the base station by receiving a Primary Syn-
chronization Channel (P-SCH) and a Secondary Synchroni-
zation Channel (S-SCH) from the base station, and thus
acquire information related to a cell ID and the like. After-
wards, the UE may acquire broadcast information within the
cell by receiving a Physical Broadcast Channel (PBCH) from
the base station. In the meantime, the UE may identify the
status of a downlink channel by receiving a Downlink Refer-
ence Signal (DL RS) in the initial cell search step.

After completion of the initial cell search, the UE may
acquire more detailed system information by receiving a
Physical Downlink Control Channel (PDCCH) and a Physi-
cal Downlink Shared Channel (PDSCH) based on informa-
tion carried in the PDCCH (S102).

In the meantime, when the UE initially accesses the base
station or has no radio (wireless) resource to transmit a signal,
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the UE may perform a random access procedure for the base
station (S103 to S106). To this end, the UE may transmit a
preamble of a specific sequence through a Physical Random
Access Channel (PRACH) (S103 and S106), and receive a
response message to the preamble through the PDCCH and
the PDSCH corresponding to the PDCCH (8104 and S106).
For a contention-based RACH, the UE may additionally per-
form a contention resolution procedure.

After performing the foregoing steps, the UE may perform
a general uplink and downlink signal transmission procedure,
namely, receive the PDCCH/PDSCH (S107), and transmit a
Physical Uplink Shared Channel (PUSCH)/Physical Uplink
Control Channel (PUCCH) (S108). Information that the UE
transmits to the base station or receives from the base station
over uplink may include downlink/uplink Acknowledge-
ment/Negative-ACK (ACK/NACK) signals, a Channel Qual-
ity Indicator (CQI), a Precoding Matrix Index (PMI), a Rank
Indicator (RI) and the like. In case of the 3GPP LTE system,
the UE may transmit the information, such as the CQI/PMI/
RI, through the PUSCH and/or the PUCCH.

Description of FIG. 2

FIG. 2 1is a view illustrating a structure of a radio frame used
in a 3GPP LTE system as one example of a mobile commu-
nication system.

Referring to FIG. 2, one radio frame has a length of 10 ms
(307200 Ts) and includes 10 subframes of a uniform size.
Each subframe has a length of 1 ms and includes 2 slots. Each
slot has a length of 0.5 ms (15360 Ts). Here, Ts denotes a
sampling time, and is expressed by Ts=1/(15 kHzx
2048)=3.1552x10-8 (approximately, 33 ns). The slot
includes a plurality of Orthogonal Frequency Division Mul-
tiplexing (OFDM) symbols or Single Carrier-Frequency
Division Multiple Access (SC-FDMA) symbols in a time
domain, and includes a plurality of resource blocks (RBs) in
a frequency domain.

In the LTE system, one RB includes 12 subcarriersx7(6)
OFDM symbols or SC-FDMA symbols. A Transmission
Time Interval (TTI) which is a transmission unit time of data
may be determined in a unit of one or more subframes. The
aforementioned radio frame structure is merely illustrative,
and various modifications may be made in the number of
subframes included in the radio frame or the number of slots
included in the subframe, or the number of OFDM symbols or
SC-FDMA symbols included in the slot.

Description of FIG. 3

FIG. 3 is a view illustrating a structure of downlink and
uplink sub frames of the 3GPP LTE system as one example of
the mobile communication system.

Referring to FIG. 3A, one downlink subframe includes two
slots in a time domain. First one to three OFDM symbols of a
first slot within one subframe correspond to a control region
to which a control channel is allocated. The remaining OFDM
symbols correspond to a data region to which a PDSCH is
allocated.

Examples of the downlink control channels used in the
3GPP LTE system include, for example, a Physical Control
Format Indicator Channel (PCFICH), a Physical Downlink
Control Channel (PDCCH), a Physical Hybrid automatic
repeat request Indicator Channel (PHICH), etc. The PCFICH
is transmitted at a first OFDM symbol of a subframe, and
includes information about the number of OFDM symbols
(i.e., a size of the control region) used to transmit the control
channel in the subframe. Control information transmitted
through the PDCCH is referred to as Downlink Control Infor-
mation (DCI). The DCI includes uplink or downlink resource
allocation information or an uplink transmission power con-
trol command for a certain UE group. The PHICH includes an
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ACK/NACK signal as aresponse to uplink transmission. That
is, the ACK/NACK signal responsive to uplink data transmit-
ted by the UE is transmitted on the PHICH.

Hereinafter, brief description will be given of the PDCCH
as the downlink physical channel. Detailed description of the
PDCCH will be given later with reference to FIGS. 5to 8.

The base station may transmit, via the PDCCH, resource
allocation and transmission format for the PDSCH (referred
to as DL ‘grant’), resource allocation information related to
the PUSCH (referred to as ‘UL grant’), a random UE, a set of
transmission power control commands for individual UEs
within a group, activation of Voice over Internet Protocol
(VoIP), and the like. A plurality of PDCCHs may be trans-
mitted within the control region, and the UE may monitor the
plurality of PDCCHs. The PDCCH may include an aggrega-
tion of one or several continuous Control Channel Elements
(CCEs).

The PDCCH including the aggregation of one or several
continuous CCEs may be transmitted via the control region
after completion of a subblock interleaving. The CCE is a
logical allocation unit used to provide the PDCCHs with a
coding rate based on the state of a radio channel. The CCE
corresponds to a plurality of resource element groups. The
format of the PDCCH and the number of available bits of the
PDCCH are determined based on a correlation between the
number of CCEs and the coding rate provided by the CCEs.

The control information transmitted via the PDCCH is
called the DCI. The following table 1 shows the DCI accord-
ing to a DCI format.

TABLE 1

DCI

Format Description

Format 0  used for the scheduling of PUSCH

Format 1  used for the scheduling of one PDSCH codeword

Format 1A used for the compact scheduling of one PDSCH codeword and
random access procedure

Format 1B used for the compact scheduling of one PDSCH codeword with
precoding information

Format 1C used for very compact scheduling of one PDSCH codeword

Format 1D used for the compact scheduling of one PDSCH codeword with
precoding and power offset information

Format2  used for scheduling PDSCH to UEs configured in closed-loop
spatial multiplexing mode

Format 2A  used for scheduling PDSCH to UEs configured in open-loop
spatial multiplexing mode

Format3  used for the transmission of TPC commands for PUCCH and
PUSCH with 2-bit power adjustments

Format 3A used for the transmission of TPC commands for PUCCH and
PUSCH with 1-bit power adjustments

A DCI format 1 denotes uplink resource allocation infor-
mation, DCI formats 1~2 denote downlink resource alloca-
tion information, DCI format 3 or 3A denotes an uplink
Transmit Power Control (TPC) command for random UE
groups.

Hereinafter, description will be briefly given of a method in
which a base station maps a resource for transmission of the
PDCCH in the LTE system.

In general, the base station may transmit scheduling allo-
cation information and other control information on the
PDCCH. A physical control channel may be transmitted as
one aggregation or a plurality of CCEs. One CCE may include
9 Resource Element Groups (REGs). The number of REGs
failing to be allocated to the PCFICH or PHICH, is Ngzs.
Available CCEs in the system are from 0 to N, (here,
Neerz=|Nzze/9]). The PDCCH, as shown in the following
table, supports a multiple format. One PDCCH including n
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contiguous CCEs starts with a CCE which executes ‘1 mod
n=0" (where 1 is a CCE number). Multiple PDCCHs may be
transmitted on one subframe.

TABLE 2
PDCCH Number of  Number of resource- Number of
format CCEs element groups PDCCH bits
0 1 9 72
1 2 18 144
2 4 36 288
3 8 72 576

Referring to Table 2, the base station may determine a
PDCCH format based on how many regions will send receive
control information or the like. The UE may reduce overhead
by reading such control information or the like by a CCE unit.
Similarly, a relay may read such control information or the
like by an R-CCE unit. In the LTE system, resource elements
may be mapped in a unit of a Relay-Control Channel Element
(R-CCE) to transmit an R-PDCCH for a random relay.

Referring to FIG. 3B, an uplink subframe may be divided
into a control region and a data region in a frequency domain.
The control region may be allocated to a PUCCH carrying
uplink control information. The data region may be allocated
to a PUSCH carrying user data. In order to maintain a single
carrier characteristic, one UE does not simultaneously trans-
mit the PUCCH and the PUSCH. The PUCCH for one UE is
allocated to an RB pair in a subframe. RBs belonging to the
RB pair occupy different subcarriers in respect to two slots.
Thus, the RB pair allocated to the PUCCH is frequency-
hopped at a slot edge.

Description of FIG. 4

FIG. 4 is a view illustrating a downlink time-frequency
resource grid structure used in the present description.

A downlink signal transmitted in each slot has a resource
grid structure including N,;” xNSCRB subcarriers and
NsymeL OFDM symbols. Here, N, s~ denotes the number of
RBs in downlink, Ng*Z denotes the number of subcarriers
included in one RB, and N, denotes the number of
OFDM symbols in a downhnk slot. The size of N;~* may
vary according to a downlink transmission bandwidth con-
figured within a cell, and should satisfy
Nz PEaN 57 <N o7 PE . Here, Nz ™"PF denotes the
smallest downlink bandwidth supported by a wireless com-
munication system, and N,z"***% denotes the greatest
downlink bandwidth supported by a wireless communication
system.

N,.5™"PE may be 6 and N,."***% may be 110, but the
present disclosure may not be limited to those numbers. The
number of OFDM symbols included in one slot may depend
on a length of Cyclic Prefix (CP) and an interval between
subcarriers. For a multi-antenna transmission, one resource
grid may be defined for one antenna port.

Each element within the resource grid for each antenna
port may be referred to as a Resource Element (RE), and be
uniquely identified by an index pair (k,1) in a slot. Here, k
denotes an index in the frequency domain, and 1 denotes an
index in the time domain. k has one value of 0, . . . , N;”*
N*#-1, and 1 has one value of 0, . .., N, meL !

The resource block shown in FIG. 4 is used to describe a
mapping relation between a certain physical channel and the
REs. The RB may be divided into a Physical Resource Block
(PRB) and a Virtual Resource Block (VRB). One PRB is
defined by NsymeL contiguous OFDM symbols in the time

contiguous subcarriers in the frequency

domain and N~
domain. Here, N L and Ny ~® may be predetermined
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S P E and N &2 may be given as
shown in the followmg Table 3. Therefore, one PRB includes
Ny ,CExN &2 REs. One PRB corresponds to one slot in the
time domaln and 180 kHz in the frequency domain, but the

present disclosure may not be limited to this.

8
values. For example, N

TABLE 3
Configuration N8 NsymeL
Normal Af=15kHz 12 7
cyclic prefix
Extended Af=15kHz 6
cyclic prefix Af=75kHz 24 3

The PRB has a value in the range of 0 to N,;”*! in the
frequency domain. A relation between a PRB number (nPRB)
in the frequency domain and an RE (k, 1) within one slot may
meet

k
PRB :{WJ.

The size of the VRB is the same as that of the PRB. The
VRB may be defined in a manner of being categorized into a
Localized VRB (LVRB) and a Distributed VRB (DVRB). For
the VRB of each type, a single VRB number (nVRB) may be
allocated a pair of VRBs present in two slots within one
subframe.

The VRB may have the same size as that of the PRB. The
VRB is defined as two types. The first type is an LVBR, and
the second type is a DVRB. For each type of VRB, a pair of
VRBs are allocated across two slots of one subframe with a
single VRB index (hereinafter, named a VRB number). In
other words, N, ;©* VRBs, which belong to a first slot of two
slots configuring one subframe, is allocated with one index
selected from a group consisting of 0 to N ;2% and N ;2*
VRBs, which belong to a second slot of the two slots, is
similarly allocated with one selected from the group consist-
ing of 0 to N ;7L

The radio frame structure, the downlink and uplink sub-
frames, the downlink time-frequency resource grid structure
and the like, shown in FIGS. 2 to 4, may also be applicable
between a base station and a relay.

Description of FIG. 5

Hereinafter, a process that a base station transmits a
PDCCH to a UE in the LTE system will be described.

FIG. 5 is a block diagram illustrating a configuration of a
PDCCH.

The base station may determine a PDCCH format accord-
ing to a DCI to send to a UE, attach a Cyclic Redundancy
Check (CRC) to the DCI, and mask the CRC with a unique
identifier (it is referred to as Radio Network Temporary Iden-
tifier (RNTI)) according to an owner or usage of the PDCCH
(510).

If a PDCCH is for a specific UE, the CRC may be masked
with a unique identifier of the UE, for example, Cell-RNTI
(C-RNTI). Alternatively, ifa PDCCH is for a paging message,
the CRC may be masked with a paging indicator, for example,
Paging-RNTI (P-RNTI). Also, if a PDCCH is for system
information, the CRC may be masked with a system infor-
mation identifier, namely, System Information-RNTI (SI-
RNTI). A Random Access-RNTI (RA-RNTI) may be used to
mask the CRC so as to instruct a random access response to a
transmission of a random access preamble from the UE. Also,
TPC-RNTI may be used to mask the CRC to instruct a TPC
command for a plurality of UEs.
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Upon use of the C-RNTI, the PDCCH may carry (load)
control information for a specific UE (named a UE-specific
control information). Upon use of another RNTI, the PDCCH
may carry common control information that every or a plu-
rality of UEs within a cell receive.

The CRC-added DCI may then be encoded to generate a
coded data (520). The encoding may include channel encod-
ing and rate matching.

The coded data may be modulated to generate modulated
symbols (530).

The modulated symbols may be mapped to physical REs
(540). Each of the modulated symbols may be mapped to the
corresponding RE.

Description of FIG. 6

FIG. 6 is a view illustrating an exemplary resource map-
ping of the PDCCH.

Referring to FIG. 6, R0 denotes a reference signal of a first
antenna, R1 denotes a reference signal for a second antenna,
R2 denotes a reference signal for a third antenna, and R3
denotes a reference signal for a fourth antenna.

The control region within the subframe may include a
plurality of CCEs. The CCE is a logical allocation unit used to
provide the PDCCHs with a coding rate based on the state of
a radio channel, and corresponds to a plurality of REGs. The
REG includes a plurality of REs. The format of the PDCCH
and the number of available bits of the PDCCH are deter-
mined based on a correlation between the number of CCEs
and the coding rate provided by the CCEs.
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error by demasking a desired identifier to the CRC of the
received PDCCH (referred to as a candidate PDCCH) so as to
confirm whether the corresponding PDCCH is its own control
channel. The UE does not know whether the PDCCH of the
UE is transmitted using any CCE aggregation level or a DCI
format at any position within the control region.

The plurality of PDCCHs may be transmitted within one
subframe. The UE may monitor the plurality of PDCCHs in
every subframe. Here, the monitoring means allowing the UE
to attempt decoding of the PDCCH according to the moni-
tored PDCCH format.

In the 3GPP LTE, a search space is used to reduce a burden
due to the blind decoding. The search space may be referred
to as a monitoring set of the CCE for the PDCCH. The UE
monitors the PDCCH within the corresponding search space.

The search space is divided into a common search space
and a UE-specific search space. The common search space,
which is a space searching the PDCCH having the common
control information, is configured to have 16 CCEs up to CCE
index of 0 to 15 and supports the PDCCH having the CCE
aggregation level of {4, 8}. However, the PDCCH (DCI for-
mat 0, 1 A) carrying the UE-specific information may also be
transmitted to the common search space. The UE-specific
search space supports the PDCCH having the CCE aggrega-
tion level of {1, 2, 4, 8}.

The following Table 4 shows the number of PDCCH can-
didates monitored by the UE.

TABLE 4
Aggregation level Size Number of PDCCH

Search Space Type [in CCEs] candidates DCI formats
UE-specific 1 6 6 0,1, 1A, 1B,

2 12 6 1D, 2, 2A

4 8 2

8 16 2
Common 4 16 4 0,1A,1C, 3/3A

8 16 2

One REG (indicated by a quadruplet in the drawing) may
include 4 REs, and one CCE may include 9 REGs. {1, 2, 4, 8}
CCEs may be used for configuring one PDCCH, and each
element of {1, 2, 4, 8} is called a CCE aggregation level.

A control channel including one or more CCEs may
execute interleaving in an REG unit, and be mapped to a
physical resource after a cyclic shift based on a cell Identifier
(ID) is executed.

Description of FIG. 7

FIG. 7 is aview illustrating an example of distributing CCE
in a system band.

Referring to FIG. 7, a plurality of logically contiguous
CCEs may be input to an interleaver. The interleaver may
execute a function of mixing the plurality of CCEs by the
REG unit.

Therefore, the frequency/time resources configuring one
CCE may be physically distributed in the entire frequency
and time domains within a control region of a subframe.
Consequently, the control channel is configured by the CCE
unit but the interleaving is performed by the REG unit. This
may result in maximizing a frequency diversity and an inter-
ference randomization gain.

Description of FIG. 8

FIG. 8 is an exemplary view illustrating monitoring of the
PDCCH.

In the 3GPP LTE, a blind decoding is used for detecting a
PDCCH. The blind decoding is a scheme that checks CRC
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A size of the search space may be set by the Table 4, and a
start point of the search space may be defined differently in
the common search space and the UE-specific search space.
The start point of the common search space may be fixed
irrespective of a subframe, but the start point of the UE-
specific search space may change for each subframe accord-
ing to a UE identifier (for example, C-RNTI), a CCE aggre-
gation level and/or a slot number within a radio frame. When
the start point of the UE-specific search space is in the com-
mon search space, the UE-specific search space and the com-
mon search space may overlap each other.

A search space S“k in the aggregation level Le{1,2,3,4} is
defined as a set of PDCCH candidates. A CCE corresponding
to a PDCCH candidate (m) of the search space @k is given
as follows.

L{(Y#m)mod | Necp /L |1+ [Formula 1]

Here,i=0,1,...,L-1.M=0, ..., M(L)'l.NCCE,k denotes the
entire number of CCEs which can be used for PDCCH trans-
mission within the control region of the subframe k. The
control region may include the aggregation of CCEs num-
bered from 0 to Neegzz—1. M® denotes the number of
PDCCH candidates in the CCE aggregation level L in a given
search space. In the common search space, Y, is set to 0 with
respect to two aggregation levels [ =4 and [.=8. Also, in the
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UE-specific search space of the aggregation level L, a variable
Y, is defined as follows.

Y;=(4-Y;_)mod D

Here, Y_,=nzr\7=0, A=39827, D=65537, k=tloor(n/2),
and ns denotes a slot number within a radio frame.

When the UE monitors a PDCCH using a C-RNTI, a DCI
format and a search space to be monitored may be determined
based on a transmission mode of a PDCCH.

The following Table 5 shows an example of PDCCH moni-
toring for which a C-RNTT is set.

[Formula 2]

12

Also, a combination of a downlink component carrier and
anuplink component carrier may be referred to as ‘cell’. That
is, ‘cell’ may be used as a concept for a pair of DL, CC and UL
CC. Here, the aforementioned ‘cell” should be distinguished
from a generally used ‘cell’ as an area that the base station
covers.

CCs may have different sizes (i.e., bandwidths). For
example, when 5 CCs are used for configuring a 70 MHz
bandwidth, it may be configured using 5 MHz carrier (CC
#0)+20 MHz carrier (CC #1)+20 MHz carrier (CC #2)+20
MHz carrier (CC #3)+5 MHz carrier (CC #4).

TABLE §

Transmission
mode

DCI format

Search space

PDSCCH transmission mode according
to PDCCH

Mode 1 DCI format 1A Common and UE-specific Single antenna port, port O
DCI format 1 Ue-specific Single antenna port, port 0
Mode 2 DCI format 1A Common and UE-specific Transmission diversity
DCI format 1 Ue-specific Transmission diversity
Mode 3 DCI format 1A Common and UE-specific Transmission diversity
DCI format 2A  Ue-specific Cyclic Delay Diversity (CDD) or
transmission diversity
Mode 4 DCI format 1A Common and UE-specific Transmission diversity
DCI format2  Ue-specific Closed-loop spatial multiplexing
Mode 5 DCI format 1A Common and UE-specific Transmission diversity
DCI format 1D Ue-specific Multi-user Multiple Input Multiple Output
(MU-MIMO)
Mode 6 DCI format 1A Common and UE-specific Transmission diversity
DCI format 1B Ue-specific Closed-loop spatial multiplexing
Mode 7 DCI format 1A Common and UE-specific Single antenna port, port 0, when the
number of PBCH transmission port is 1,
while a transmission diversity if not.
DCI format 1 Ue-specific Single antenna port, port 5
Mode 8 DCI format 1A Common and UE-specific Single antenna port, port 0, when the

DCI format 2B

Ue-specific

number of PBCH transmission port is 1,
while a transmission diversity if not.
Dual layer transmission (port 7 or 8), or

a single antenna port, port 7 or 8

Hereinafter, a multiple carrier system will be described.

The 3GPP LTE system supports a case where a downlink
bandwidth and an uplink bandwidth are set differently from
each other, but one Component Carrier (CC) is a precondition
for this case.

This means that, in the state where one CC is defined for
each of downlink and uplink, 3GPP LTE supports only a case
where the downlink bandwidth is identical with or different
from the uplink bandwidth. For example, the 3GPP LTE
system may support a maximum of 20 MHz and have differ-
ent uplink bandwidth and downlink bandwidth, but supports
only one CC in each of uplink and downlink.

A spectrum aggregation (also called a bandwidth aggrega-
tion or a carrier aggregation) supports a plurality of CCs. The
spectrum aggregation is introduced in order to support an
increased throughput, prevent an increase of costs due to the
introduction of a broadband Radio Frequency (RF), and guar-
antee compatibility with the existing system. For example, if
5 CCs are assigned as the granularity of a carrier unit having
a20 MHzbandwidth, a maximum bandwidth of 100 MHz can
be supported.

The spectrum aggregation may be divided into a contigu-
ous spectrum aggregation performed between continuous
carriers in the frequency domain, and a non-contiguous spec-
trum aggregation performed between non-continuous carri-
ers. When the number of downlink CCs and the number of
uplink CCs are the same as each other, it is referred to as a
symmetric aggregation.

When different, it is referred to as an asymmetric aggrega-
tion.

Description of FIG. 9

FIGS. 9 and 10 show a configuration of a physical layer
(PHY) and a layer 2 (MAC) of a random cell or a UE for
transmitting a plurality of uplink or downlink carrier bands

FIG. 9A is a view illustrating a concept that multiple car-
riers are managed by a plurality of MACs of a base station,
and FIG. 9B is a view illustrating a concept that multiple
carriers are managed by a plurality of MACs of a UE.

As shown in FIGS. 9A and 9B, each MAC may control
each carrier in a one-to-one (1:1) correspondence. In a system
supporting a plurality of carriers, the carriers may be used to
be contiguous or non-contiguous to each other. This is applied
both to uplink and downlink transmissions. A Time Division
Duplex (TDD) system is configured to operate N carriers, and
each carrier is configured to be able to perform UL transmis-
sion and DL transmission. In an FDD system, a plurality of
carriers can be used by dividing them for a UL usage and a DL,
usage. The FDD system can configure an asymmetric carrier
aggregation system by allowing the number of carriers and
the bandwidth aggregated in UL and DL transmissions to be

FIG. 10A is a view illustrating a concept that multiple
carriers are managed by one MAC of a base station, and FIG.
10B is a view illustrating a concept that multiple carriers are
managed by one MAC of a UE.
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60  Description of FIG. 10
65

As shown in FIGS. 10A and 10B, one MAC performs
transmission and reception by managing and operating one or
more frequency carriers. Since the frequency carriers man-
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aged by the one MAC does not have to be contiguous to each
other, this may enable flexible resource management. In
FIGS. 10A and 10B, it is assumed that one PHY is one
component carrier (CC) for the sake of explanation. Here, one
PHY does not always mean an independent RF device. One
independent RF device generally indicates one PHY, but may
not always be limited thereto. The one RF device may alter-
natively include several PHYSs.

The PDCCH, which transmits control information for
L.1/1.2 control signaling generated from a packet scheduler of
the MAC layer for supporting the configuration in FIGS. 10A
and 10B, may be mapped to a physical resource for each
separate component carrier, thereby being transmitted.

Especially, the PDCCH, which includes control informa-
tion related to channel allocation or grant for the PDSCH or
PUSCH transmission for a specific user equipment, may be
separately encoded for each component carrier to which the
corresponding PDSCH/PUSCH is transmitted. Such PDCCH
may be referred to as a separate coded PDCCH. Unlike to this
method, control information for physical shared channel
transmission of multiple component carriers may be config-
ured as a single PDCCH so as to be transmitted. And, such
PDCCH may be referred to as a joint coded PDCCH.

In order to support downlink or uplink carrier aggregation,
a connection between the base station and a specific UE or
relay is required to be set up to be appropriate for a unique
condition of the specific terminal or relay, such that the
PDCCH and/or the PDSCH can be transmitted for transmis-
sion of control information and data, or component carriers
corresponding to targets of measurement and/or reporting as
a preparation for the connection setup may be allocated. This
is called a component carrier allocation according to a pur-
pose.

Here, if an [.3 Radio Resource Management (RRM) con-
trols CC allocation information, the base station may transmit
the CC allocation information through RRC signaling spe-
cific for UEs or relays (UE-specific or relay-specific RRC
signaling) according to a dynamic characteristic of the con-
trol, or through PDCCHs as L1/1.2 control signaling or other
dedicated physical control channels for transmitting only the
control information.

Description of FIG. 11

Hereinafter, description will be given of a method for set-
ting a timing synchronization between multiple carriers when
one cell supports the multiple carriers in a wireless commu-
nication system. Especially, description will be given of a
method in which a cell and UE supporting a carrier aggrega-
tion establish a subframe boundary between carriers in an
LTE-A system as one example of the wireless communication
system. Description disclosed herein is given based on the
LTE-A system, but other radio communication standardiza-
tion to which the same concept can be applied may also be
applied.

FIG. 11 is a view illustrating Component Carriers (CCs)
configuring downlink and uplink for connection between a
UE or arelay and a base station or relay in an LTE-A system.

Referring to FIG. 11, basic DL CCs and UL CCs allocated
by a random base station or a random relay are shown. For
example, a case is shown in which the number of DL CCs is
set to N, and the number of UL CCs is set to M. Here, the
number of DL, CCs may be the same as or different from the
number of UL DCs.

Inthe LTE-A system, the DL, CCs may be divided into three
types. The first type CC may be a backward compatible CC
which supports a backward compatibility of an LTE rel-8 UE.
The second type CC may be a non-backward compatible CC
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which LTE UEs are unable to access, namely, supports only
LTE-A UEs. Also, the third type CC may be an extension CC.

The first type CC, namely, the backward compatible CC is
a CC, by which a Reference Signal (RS), P-SCH/S-SCH and
P-BCH as well as the PDCCH and the PDSCH are transmitted
according to the LTE structure so as to allow for connection of
the LTE UE.

The second type CC, namely, the non-backward compat-
ible CC, is a CC, by which the PDCCH, the PDSCH, the RS,
the P-SCH/S-SCH and P-BCH are transmitted only in a trans-
formed format such that a connection of the LTE UE is not
allowed.

As such, the first type CC is a CC for allowing both the LTE
UE and the LTE-A UE to access a cell (or base station)
through the corresponding CC, and the second type CC (i.e.,
non-backward compatible CC) is a CC for allowing access of
only the LTE-A UE. On the other hand, the third type CC,
namely, the extension CC, is a CC which does not allow an
access of any UE through the corresponding CC. The third
type CC is a sub CC of the first or second type CC. The third
type CC, namely, the extension CC does not allow transmis-
sion of the P-SCH/S-SCH, PBCH and PDCCH. Every
resource of the third type CC may be used for the transmission
of'the PDSCH ofthe UE or operate in a sleep mode when it is
not scheduled for the corresponding PDSCH. The base sta-
tion or relay may not transmit control information to the UE
through the third type CC.

That is, the first type CC and the second type CC may be a
stand-alone CC type which is always necessary to configure
one cell or configures one cell, and the third type CC may be
a non-stand-alone CC type which should be present together
with one or more stand-alone CCs.

Various forms of RSs may be used according to a definition
of'each sub frame. The RS may be divided into a demodula-
tion RS and a measurement RS according to usage thereof.

The demodulation RS is basically used to receive datain a
Multiple Input Multiple Output (MIMO) system. In this case,
the RS may preferably be transmitted together with data. It is
also important to design the RS to have a high channel esti-
mation performance.

The measurement RS may be used to feedback channel
information for a link adaptation. The measurement RS may
be used to calculate CQI, PMI and RI. In this case, there is no
problem even when the measurement RS is transmitted
according to a channel information feedback period. The
measurement RS may operate without trouble even when it
has a lower channel estimation performance than the
demodulation RS.

Also, the RS may be divided according to a type into a
Common Reference Signal (CRS), a Dedicated Reference
Signal (DRS) and a combined RS of the CRS and the DRS.

The UE may inform the base station of feedback informa-
tion, such as CQI, PMI or RI by measuring the CRS, and the
base station may perform a frequency domain scheduling
using the feedback information received from the UE.

In the LTE system, the CRS may be used for both demodu-
lation and measurement. In the LTE-A system, the CRS and a
Channel State Indication RS (CSI-RS) may be used for mea-
surement usage, and a DeModulation RS (DM RS) may be
used for demodulation.

The UE using the carrier aggregation in the LTE-A system
may be allocated with one or more CCs from the base station.
When the extension CC as the third type CC is included in the
CCs allocated to the UE, the UE has to perform measurement
for the extension CC.

For measurement of the UE in the LTE-A system, CRS,
CSI-RS and SCH may all be used. When the CRS is used for
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measurement in the extension CC, an unnecessary processing
process may increase due to the measurement RS. When the
SCH is used for measurement, it may make UEs, which
support the SCH, difficult to access according to whether or
not the SCH is an SCH defined in the LTE or a newly defined
SCH.

In the wireless communication system in accordance with
the exemplary embodiment, in order to reduce inefficiency of
resource usage and unnecessary processing and increase effi-
ciency of measurement, the base station may set control infor-
mation, which is to be used for the purpose of measurement in
a specific extension CC.

Hereinafter, description will be given of a method in which
a base station sets control information for channel quality
measurement in a wireless communication system in accor-
dance with an exemplary embodiment.

Description of FIG. 12

FIGS. 12 and 13 are views illustrating a method for per-
forming channel quality measurement by a UE in a wireless
communication system supporting a carrier aggregation in
accordance with an exemplary embodiment disclosed in this
specification.

In the wireless communication system according to an
exemplary embodiment of the present disclosure, the UE has
to set which type of control information is to be used for
measurement in the extension CC. To this end, the base sta-
tion may transmit an indicator, which indicates one of control
information to be used for setting, to the UE. The UE may
then check the received indicator, receive the control infor-
mation indicated by the indicator, and perform the measure-
ment.

First, the base station transmits a first message, which
includes an indicator indicating control information to be
used for measurement in the extension CC, to the UE (S10).

The first message including the indicator indicating the
control information may be transmitted once during main-
taining RRC connection with the base station after establish-
ment of the RRC connection. Alternatively, the first message
may be transmitted in each subframe such that the UE can
dynamically set a measurement method by deciding which
control information is to be used in each subframe. Or, the
first message may be transmitted periodically. That is, the
base station may transmit the first message to the UE once
every period specified. In case that the base station indicated
the UE to form measurement in the extension CC using CRS,
and then the base station indicates the measurement using
CRS or CSI-RS in a next period. Or, the base station may
notify a subframe in which CRS is transmitted of the UE, or
periodically indicate that the UE needs to use CSI-RS in
which subframe. Also, it may be predetermined that which
measurement mean (that is, one from among CRS, CSI-RS
and SCH) is used for measurement in the extension CC, and
the first message may be transmitted periodically or on an
event-driven basis to indicate to use another measurement
mean other than the predetermined one when the another
measurement mean is used.

The control information indicated by the indicator may
indicate a measurement means in the extension CC, and may
be one of CRS, CSI-RS, and SCH.

Next, after reception of the first message including the
indicator indicating the control information, the UE may
check the indicator, and accordingly perform a setting pro-
cess for measurement in the extension CC (S20). The setting
process is a process of being ready to receive the control
information indicated by the indicator.

The base station may transmit control information for mea-
surement in the extension CC to the UE (S30). Upon recep-
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tion of the control information, the UE may perform the
measurement (S40), and transmit the measurement result to
the base station through feedback information (S50).

In accordance with a first exemplary embodiment, the first
message including the indicator indicating the control infor-
mation may be a PDCCH as an L1 control signaling. In the
first exemplary embodiment, the base station may instruct the
UE to dynamically set the measurement method in every
subframe by including the indicator of the control informa-
tion for the measurement in the PDCCH of each subframe
transmitted thereby.

In accordance with a second exemplary embodiment, the
base station may transmit the indicator indicating the control
information to the UE using an upper layer signaling mes-
sage. In the second exemplary embodiment, the first message
transmitted by including the indicator may be, for example,
an RRC signaling message. The base station may instruct the
UE to set the measurement method by transmitting the indi-
cator of the control information for the measurement using an
RRC signaling message once after establishment of an RRC
connection or according to a specific period.

In accordance with a third exemplary embodiment, the first
message including the indicator indicating the control infor-
mation may be a broadcast message. In the third exemplary
embodiment, the base station may instruct the UE to set the
measurement method by transmitting the indicator of the
control information for the measurement using the broadcast
message while the RRC connection is in an established state.

Also, in accordance with a variation of the present disclo-
sure, control information, which is used for measurement in
the extension component carrier, has been basically set
between the base station and the UE. When desiring to change
the basic setting, the base station may transmit the indicator
by using an L1 control signaling message or an upper layer
signaling message. In the variation, the base station may
transmit the first message including the indicator periodically
or on an event-driven basis.

In accordance with another exemplary embodiment, the
base station may transmit the indicator indicating control
information for setting the measurement method in the exten-
sion CC through a message, which is used upon a cell-specific
carrier configuration for the extension CC.

Description of FIG. 13

In the meantime, in accordance with a fourth exemplary
embodiment, after transmitting the first message including
the indicator of the control information for the measurement
in the extension CC (S10), the base station may additionally
transmit a second message including a second indicator,
which indicates a position of the control information, to the
UE (825). Upon reception of the second indicator, the UE
may acquire the control information for the measurement by
checking the position of the control information based on the
second indicator.

For example, the second indicator may indicate a position
of a subframe, in which the CRS used for the measurement in
the extension CC is transmitted, or a position of a subframe in
which a CSI-RS is to be used. The second message including
the second indicator may be periodically transmitted.

In the aforementioned exemplary embodiments, when the
base station transmits the indicator, which indicates the CRS
or CSI-RS as the control information for channel measure-
ment, to the UE, it may be inefficient that the UE which has
received the control information processes the CRS or CSI-
RS within each subframe. To overcome this, in accordance
with another variation of the present disclosure, the base
station may transmit control information by reducing a Ref-
erence Signal Density (RSD). That is, the base station may
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transmit an indicator, which indicates the use of the reduced
RSD, to the UE in the first message transmitting step (S10),
and transmit a CRS or CSI-RS with the reduced RSD in the
control information transmitting step (S30). The control
information with the reduced RSD may use a part of CRS
pattern or CSI-RS pattern of LTE for the purpose of measure-
ment.

For example, in case of a CRS, since the RSDs of first and
second antennas are higher than those of third and fourth
antennas, the base station may transmit the CRS with reduced
densities of the first and second antennas to the UE so as to
reduce the RSD. As another example, the CRS may exist over
entire time and frequency domains in a subframe. Thus, to
reduce the RSD, the base station may transmit a CRS with a
first or second slot removed. The aforementioned examples
for reducing the RSD may also be equally applied to a case
where the CSI-RS as the channel measurement control infor-
mation is used.

Description of FIG. 14

FIG. 14 is a block diagram illustrating a wireless commu-
nication system in accordance with an exemplary embodi-
ment disclosed in this specification. The wireless communi-
cation system 1400 may include a base station 1410 and a UE
1420.

The base station 1410 may include a controller 1411, a
memory 1412, and a Radio Frequency (RF) unit 1413.

The controller 1411 may implement the proposed func-
tions, processes and/or methods. Radio interface protocol
layers may be implemented by the controller 1411.

The controller 1411 may operate multiple carriers, and
control an extension component carrier to be established.

The memory 1412 may be connected to the controller 1411
s0 as to store protocols or parameters for operating the mul-
tiple carriers. The RF unit 1413 may be connected to the
controller 1411 to transmit and/or receive radio signals.

The UE 1420 may include a controller 1421, a memory
1422 and an RF unit 1423.

The controller 1421 may implement the proposed func-
tions, processes and/or methods. Radio interface protocol
layers may be implemented by the controller 1421. The con-
troller 1421 may operate multiple carriers, and perform mea-
surement in an extension component carrier.

The memory 1422 may be connected to the controller 1421
s0 as to store protocols or parameters for operating the mul-
tiple carriers. The RF unit 1423 may be connected to the
controller 1421 to transmit and/or receive radio signals.

The controller 1411, 1421 may include an Application-
Specific Integrated Circuit (ASIC), another chip set, a logical
circuit and/or a memory processor. The memory 1412, 1422
may include a Read-Only Memory (ROM), Random Access
Memory (RAM), a flash memory, a memory card, a storage
medium and/or other storage devices. The RF unit 1413, 1423
may include a baseband circuit for processing a radio signal.
When exemplary embodiments are implemented by software,
the aforementioned methods may be implemented by mod-
ules (processes, functions, etc.) which perform the aforemen-
tioned functions. The module may be stored in the memory
1412, 1422, and executed by the controller 1411, 1421. The
memory 1412, 1422 may be disposed inside or outside the
controller 1411, 1421, and be connected to the controller
1411, 1421 by various well-know elements.
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The invention claimed is:

1. A method to perform channel quality measurement when
a User Equipment (UE) is configured with one standalone
component carrier and one non-standalone component car-
rier, the method performed by the UE and comprising:

receiving configuration information from a base station,

wherein the configuration information is used for config-
uring channel quality measurement in the non-standal-
one component carrier and is configured by a radio
resource control (RRC) signaling message; and

performing the channel quality measurement in the non-
standalone component carrier based on a Channel State
Information reference signal (CSI-RS) when the con-
figuration information includes a first indicator indicat-
ing that the CSI-RS is used for the channel quality mea-
surement, or performing the channel quality
measurement in the non-standalone component carrier
based on a common reference signal (CRS) when the
configuration information does not include the first indi-
cator.

2. The method of claim 1, wherein the first indicator is
transmitted after establishing an RRC connection, once or
periodically when the configuration information is the RRC
signaling message.

3. The method of claim 1, wherein the first indicator is
transmitted once after establishing an RRC connection when
the configuration information is the broadcast message.

4. The method of claim 1, further comprising receiving a
second indicator indicating a position of the CSI-RS and the
CRS.

5. The method of claim 1, wherein the CRS or the CSI-RS
has a reduced Reference Signal Density (RSD).

6. The method of claim 1, wherein the CRS has a reduced
Reference Signal Density (RSD) for at least one of first and
second antennas.

7. The method of claim 1, wherein the CRS has a first or
second slot removed.

8. A User Equipment (UE) to perform channel quality
measurement when a User Equipment (UE) is configured
with one standalone component carrier and one non-standa-
lone component carrier, the UE comprising:

a radio frequency unit configured to transmit and receive a

radio signal; and

a controller configured to:

receive configuration information from a base station,

wherein the configuration information is used for con-
figuring channel quality measurement in the non-
standalone component carrier and is configured by a
radio resource control (RRC) signaling message, and

perform the channel quality measurement in the non-
standalone component carrier based on a Channel
State Information reference signal (CSI-RS) when the
configuration information includes a first indicator
indicating that the CSI-RS is used for the channel
quality measurement, or perform the channel quality
measurement in the non-standalone component car-
rier based on a common reference signal (CRS) when
the configuration information does not include the
first indicator.



